Abstract In the present study, processing parameters for the extraction of phenolic rich sea buckthorn seed (SBTE) extract were optimised using response surface method and subjected for in vitro efficacy viz. total phenolic, ABTS, DPPH and SASA activity. The optimised model depicted MeOH as a solvent at 60% concentration level with a reaction time of 20 min and extracting temperature of 55°C for the highest yield and total phenolic content. The efficacy of different concentration of obtained SBT was evaluated in raw ground pork as a model meat system on the basis of various physico-chemical, microbiological, sensory quality characteristics. Addition of 0.3% SBTE significantly reduced the lipid peroxidation (PV, TBARS and FFA) and improved instrumental colour (L*, a*, b*) attributes of raw ground pork during refrigerated storage of 9 days. Results concluded that SBTE at 0.3% level can successfully improve the oxidative stability, microbial, sensory quality attributes in the meat model system.
Introduction
Sea buckthorn (Hippophae rhamnoides L.) is a deciduous and thorny bush, belongs to Eurasian nitrogen-fixing actinomycetes family and found naturally at high altitude of above 7000 ft. Sea buckthorn are among the most nutritious and vitamin-rich berries found in the plant kingdom (Li and Schroeder 1996) . Recently, it has attracted considerable attention from researchers around the world mainly due its nutritional and medicinal value for use in foods, cosmetics, and medicinal materials. It has been reported to contain various bioactive ingredients in the juice, fruit, pulp etc. Beveridge et al. 1999) .
The retrieval of any marked compound from plant/food products can be done in 5 different phases that follow the analytical chemistry. These include: (a) pre-treatment, (b) isolation of high-molecular from low-molecular compounds, (c) extractions, (d) purification/isolation and (e) encapsulation (Galanakis 2014) . Out of which extraction plays most important role in the recovery and purification of active ingredients. Various techniques have been employed to extract bioactive ingredients from sea buckthorn juice, roots, fruits, seeds include Soxhlet extraction (Negi et al. 2005) , supercritical CO 2 extraction etc. However, the efficiency of extraction protocols varied with many factors such as the type of extraction solvent, temperature, time, number of steps, matrices of material and particle size and hence, optimization of these factors for efficient recovery of potential bioactive ingredients is of paramount concern.
Lipid oxidation is regarded as one of the main reason for functional, sensory and nutritional quality deterioration in meat and meat products. Natural antioxidants are considered as safe option to retard the rate of lipid oxidation in & Manish K. Chatli manishchatlilpt@gmail.com meat and meat products. In the recent years, various plant based antioxidant has been explored for extending the storage stability of meat products Kumar et al. 2015; Ye et al. 2015) . The present study was focused on the optimization of extraction conditions (solvent concentration, temperature and extraction time) to extract bioactive compounds from sea buckthorn seeds using a RSM with employing Central Composite Rotatable Design (CCD), in order to develop the best extraction conditions to obtain phenolic rich antioxidants from sea buckthorn seeds, evaluated on the basis of total phenolic content (TP), 2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) radical scavenging activity (ABTS), 2,2-Diphenyl-1-picrylhydrazyl radical scavenging ability (DPPH) and superoxide radical scavenging activity (SASA). The efficacy of the developed sea buckthorn seed extract (SBTE) was further evaluated in model meat system using raw ground pork in relation to physico-chemical qualities, oxidative stability and instrumental colour attributes microbiological and sensory characteristics during refrigerated storage (4 ± 1°C) under aerobic packaging conditions.
Materials and methods

Plant material and extraction process
Sea buckthorn berries were collected from the NorthWestern Himalayan region (Himachal Pradesh, India) (Latitude: Longitude N 34°0 0 0 00 : E 78°0 0 0 00 34) and seeds were obtained after deseeding the berries by passing through stainless steel sieve and dried in a cabinet dryer. Dried seeds were powdered into a particle size of 60-80 mesh in Willey Grinder (Arthur H. Thomas Type), New Delhi, India and stored in dark prior to analysis.
The extracting methanol concentration, time and temperature were predetermined using RSM software (Design Expert 9.0, Stat ease Inc., Minneapolis, USA) as per the experimental design. Ten grams of the sea buckthorn dried powder was weighed and mixed with 100 mL of designed extracting solvent conc. in a conical flask. The mixture was shaken at constant rate of 300 rpm using a shaker (Narang Scientific works Pvt. Ltd., New Delhi, India) for overnight. The obtained extracts were filtered through a Whatman filter paper No. 1 in order to obtain a particle free extract and evaporated using a rotary evaporator (Yamato Scientific America, Inc., Santa Clara, USA) under vacuum at pre-designed temperature and a rotation speed of 100 rpm for a pre-designed period. The resultant clear solution was collected in an amber coloured reagent bottle. The extract was stored at -20°C for further analysis. Before the incorporation of SBTE into raw ground pork, methanol was completely removed from SBTE in a rotary evaporator until methanol condensation on the cooling coil of the evaporator was no longer observed.
Raw ground pork
Castrated Large White Yorkshire pigs (8-10 months' age, weighing 80-100 kg) were selected from Instrumental Livestock Farm, Guru Angad Dev Veterinary and Animal Sciences University (GADVASU), Ludhiana, India and humanly slaughtered as per standard procedure in accordance with animal welfare and ethics guidelines. The dressed carcasses were brought to laboratory and hot deboned manually. After removal of external fat, fascia and connective tissue meat was packaged in low density polyethylene film (LDPE) bags and stored at -18 ± 1°C till further use.
Before use, frozen deboned meat was placed at refrigerated temperature for partial thawing, then cut into small cubes and minced by using 6 mm grinder plate in a meat mincer (ESKIMO grinder, MEW 714-H82, MADO GmbH, Dornhan, Germany) to obtain raw ground pork. The obtained ground meat was divided into four different batches and was minced with pork back fat (10%), ice (5%) and salt (2%). The first batch designated as control (without SBTE) samples while the other three batches contained 0.1%; (T 1 ), 0.2%; (T 2 ) and 0.3% (T 3 ) SBT extracts, respectively.
Analytical methods
Total phenolic
The polyphenol content of SBTE was quantified by FolinCiocalteau's reagent assay and expressed as gallic acid equivalents (mgGAE/g) (Yuan et al. 2005) . Briefly, 100 ll of extract was mixed with 2 ml of 2.0% Na 2 CO 3 buffer and incubated at room temperature for 2 min. The total volume was made to 2.4 ml by adding distilled water. After addition of 100 ll of 1 N Folin-Ciocalteau's reagents the reactions tube was further incubated for 30 min at room temperature, and the absorbance was read at 720 nm. The amount of total phenolic content was determined by a standard calibration curve (y = 0.001x-0.009 and r 2 = 0.992; where y = absorbance, x = gallic acid concentration, and r 2 = correlation coefficient) constructed using standard gallic acid solutions from 250 to 5000 lg/g concentrations.
ABTS radical scavenging activity
The free radical scavenging activity of sample extracts was determined by the ABTS radical cation decolourisation assay (Re et al. 1999) . ABTS was dissolved in water to a 7 mM concentration. The ABTS radical cation (ABTS) was produced by reacting ABTS stock solution with 2.45 mM potassium persulphate (final concentration) and the mixture was allowed to stand in the dark at room temperature for 16 h before use. Because ABTS and potassium persulphate react stoichiometrically at a ratio of 1:0.5 (mol/mol), this results in complete oxidation of ABTS. Oxidation of ABTS commenced immediately, but the absorbance was not maximum and stable until 6 h had elapsed. The radical was stable in this form more than 2 days, when stored in the dark at room temperature. Prior to use, the stock solution was diluted with ethanol to an absorbance of 0.70 at t 0 (t = 0 min) and equilibrated at 30°C exactly 6 min after the initial mixing. About 4.9 ml of ABTS working standard solution was mixed with 100 ll of plant extract and the absorbance was measured after 20 min (t 20 ) at 734 nm. The ABTS activity was calculated by using the formula: ABTS activity (%) = [(At 0 -At 20 )/ At 0 ] 9 100. Gallic acid (200-500 lM/ml) was used as a standard.
DPPH radical scavenging activity
The DPPH radical scavenging activity of extracts was estimated by the method of Kato et al. (1988) . DPPH can make stable free radicals in aqueous or ethanol solution. However, fresh DPPH solution was prepared in ethanol before every measurement. About 3.9 ml of DPPH (250lM) solution was taken in a test tube, diluted with 1 ml of 0.1 M Tris-HCl buffer (pH 7.2) and then mixed well with 100ll of curry/mint leaf extracts. The absorbance in time t = 0 min (t 0 ) was measured at 517 nm. The sample tubes were then incubated at room temperature (27 ± 1°C) under dark for measuring the absorbance in time t = 20 min (t 20 ). Ethanol was used as blank sample. The free radical scavenging activity was calculated as a decrease in absorbance from the equation: Scavenging activity (%) = 100-(At 20 /At 0 )100. Gallic acid (50-250 lM/ml) was used as a standard antioxidant.
Superoxide anion scavenging activity (SASA)
Superoxide anionic scavenging activity was determined based on the reduction of nitro blue tetrazolium (NBT) in the presence of NADH and phenozoniummethosulphate (PMS) under aerobic condition (Kumar and Chattopadhyay 2007) . The reduction mixture contained 150 ll NBT (100 lM), 450 ll NADH (100 lM) with 400 ll sample extract. Total volume was made up to 1 ml with distilled water and then added 1.9 ml of Tris-HCl buffer (0.02 M, pH 8.0). The reaction was started with the addition of 100 ll of PMS (100 lM) in tubes and were kept under aerobic condition, and finally the absorbance change was recorded at 560 nm after 20 min. Percent inhibition was calculated against a blank without the extract. The superoxide anion scavenging activity was calculated using the formula: SASA = Absorbance of control-Absorbance of test/Absorbance of control X 100
Analytical methods for raw ground pork pH and water activity (a w )
The pH (n = 6) was estimated using digital pH meter (Lab-India Analytical Instruments Pvt. Ltd, Thane, India). Ten gram of sample was homogenized in homogenizer (T-25D S22 digital ultra-TURRAX, Staufen, Germany) with 50 ml distilled water. The pH of the suspension was recorded by dipping combined glass electrode into it. Water activity was determined by using hand held portable digital water activity meter (ROTRONIC HygroPalm AW1, Bassersdorf, Switzerland). Samples were filled up to (&80%) in moisture free sample cup and water activity was recorded as per specifications.
Peroxide value (PV) and free fatty acid (FFA)
The peroxide value and free fatty acid were measured as per procedure described by Koniecko (1979) .
Thiobarbituric acid reactive substances (TBARS)
The evaluation of lipid stability was performed by measuring TBARS during storage following the method of Witte et al. (1970) with suitable modifications. Briefly, 10 g of sample were triturated with 25 ml of precooled 20% trichloroacetic acid (TCA) for 2 min. The content was then quantitatively transferred into a beaker by rinsing with 25 ml of chilled distilled water. They were well mixed and filtered through Whatman filter paper No. 1. Three millilitres of TCA extract (filtrate) were mixed with 3 ml of TBA reagent (5 mM) in test tubes and placed in a dark room for 16 h. A blank sample was made by mixing 3 ml of 10% TCA and 3 ml of 5 mM TBA reagent. The absorbance was measured at a fixed wavelength of 532 using a UV-VIS spectrophotometer (SHIMADZU, UV spectrophotometer UV-1800, Kyoto, Japan). The TBA value was calculated as mg malonaldehyde per kg of sample by multiplying the absorbance value with a factor of 5.2.
Instrumental colour profile
Instrumental colour profile was measured using Lovibond's Tintometer (Lovibond RT-300, Reflectance Tintometer, Amesbury, UK) set at 2°of cool white light (D65) and known as 'L*', a*, and b* values. 'L*' value denotes (brightness 100) or lightness (0), a* (?redness/-greenness) and b* (?yellowness/-blueness). The mean (n = 24) and standard error were estimated accordingly.
Sensory evaluation
The sensory panel consisted of seven experienced and trained members selected among the pool of faculty members and postgraduate students. The test samples were presented to the panellists after assigning the suitable codes and evaluated on 1, 3, 5, 7 and 9 days of storage for appearance and colour, odour and overall acceptability using 5-point descriptive scale ranging from 1 as extremely undesirable to 5 as extremely desirable (Keeton 1983) . The samples were evaluated in three sitting for this experiment and 21 observations were recorded.
Microbiological qualities
Standard Plate Counts (SPC), Psychrophilic count, Yeast and Mould Counts and Coliforms Count in the samples were enumerated following the methods as described by American Public Health Association (APHA 2001) and data were expressed as log 10 colony forming units (CFU) per gram sample.
Experimental design
Central composite design (CCD) employed using RSM to identify optimum levels of three variables: methanol concentration (%), extraction temperature (°C) and extraction time (min.) regarding four responses: Total phenolic contents (TP), 2-2-azinobis-3ethylbenthiazole-6-sulphonic acid radical cations (ABTS), 1,1-diphenyl-2-picryl-hydrazil radical (DPPH) and superoxide anion scavenging activity (SASA) radical scavenging activity in the sea buckthorn extracts. Ranges of methanol concentration (X 1 ), temperature (X 2 ) and time (X 3 ) and the central points were selected based on preliminary experimental results. The run (20 runs) of the experiments were conducted in a random order and the data was analysed by multiple regressions using least-square method as per method given by Myers and Montgomery (2002) . The response function (Y) was partitioned into linear, quadratic, and interactive components and the experimental data were fitted to the secondorder regression equation as follows:
where, Y = Independent responses; bo, bi, bii and bij = Regression coefficient of the process variables for the intercept, linear, quadratic, and cross product terms, respectively. Xi and Xj are coded independent variables. The fitness of the polynomial model equation to the responses was evaluated by the correlation coefficient i.e. R 2 as well as by the lack of fit using the F-test with 5% level of significance.
Statistical analysis
The experimental results of the response surface design were analysed using Design Expert Ò 9.0 (Stat-Ease Inc., Minneapolis, MN, USA) programs. The significance level was based on a confidence level of 95.0%. Data obtained during ground pork storage analysis was analysed by twoway analysis of variance (ANOVA) using SPSS V. 22 (SPSS Institute Inc., Cary, NC, USA) software package and differences among mean values were obtained by Duncan's multiple range test. The whole set of the experiment was repeated three times and each parameter was evaluated in duplicate and results were expressed as mean ± standard error (n = 6). Significance was defined at a level of p \ 0.05 as per the standard methods.
Results and discussion
Optimization of extraction protocols by RSM
Fitting the models
Each response was evaluated as a function of linear, quadratic and interaction of the independent variables including total phenolic contents (Y 1 ), ABTS inhibition (Y 2 ), DPPH scavenging ability (Y 3 ) and SASA activity (Y 4 ) in sea buckthorn seeds extracts. The quality of the generated model was evaluated by ANOVA, R 2 , and the lack of fit of the model. ANOVA results in Table 1 suggested that the model had very high F-values (9.34-17.11) and very low p values (\0.0008) for all four responses. The coefficients of multiple determinations (R 2 ) of 0.9081, 0.9390, 0.8937 and 0.9329 were obtained for the response of TPC, ABTS, DPPH and SASA activity, respectively. It indicated that the second-order polynomial models were adequately represented by the respective experimental data.
Total phenolic contents (TPC) Table 1 and Fig. 1a illustrated the effect of methanol conc., time and temperature of extraction process on the TPC of SBTE. The second-order regression model equations predicting effect of extracting variables is as follows; ANOVA of the quadratic regression models for TPC shows that the model was significant with F-value and p value of 10.98 and 0.0004, respectively with satisfactory regression coefficient (R 2 ) of 0.9081. Extracting methanol concentration had both significant linear and interaction effects (p \ 0.01) excluding extraction time. Extraction temperature as well as the interaction effect of methanol conc. (X 1 2 ) had the most significant effect on TP (Table 1) , followed by the quadratic terms of methanol conc. and temperature (X 1 X 3 ).
From Fig. 1a , it was observed that TPC increases linearly with the increase of extraction temperature from 40 to 70°C. Similarly, the increase in the methanolic conc. from 30 to 90% promoted recovery of higher TPC. Furthermore, the TPC also increased with the increase of extraction temperature up to about 65°C, however subsequent increase in temperature didn't cause a significant change in total phenolic content. As reported by Cacace and Mazza (2003) , higher solubility and diffusion coefficient of polyphenols were observed with increased temperature, leading to more extraction rate.
DPPH scavenging ability
The model was significant (p \ 0.05) with F-values and p values of 9.34 and 0.0008, respectively. In terms of antioxidant capacity of SBTE, only the linear and interaction terms of methanol concentration (X 1 ) had significant effect (p \ 0.05) on DPPH scavenging ability. However, the quadratic term of extraction temperature and methanol conc. (X 1 X 3 ) had significant effect at p \ 0.0008 level ( Table 1) . The results obtained are in agreement with Wong et al. (2015) and Pompeu et al. (2009) , in which the authors reported that the antioxidant activity is greatly influenced by the concentration of solvent used. The R 2 was 0.8937 for DPPH scavenging ability and the lack of fit was highly non-significant (0.4220), verifying that a good fitness of the model. The effect of three independent variables on the DPPH scavenging ability was reported by the coefficient of the second-order polynomial regression equations as follows; Y DPPH ð Þ¼ 67:56 þ 1:18X 1 þ 0:50X 2 þ 0:79X 3 þ 0:82X 1 X 2 À 2:32X 1 X 3 À 0:18X 2 X 3 À 2:31X Figure 1c showed the combined effect of methanol concentration, extraction time and extraction temperature on the DPPH scavenging ability, and it revealed that at low levels of the methanol concentration and extraction temperature and time the DPPH scavenging ability was minimal.
Al-Farsi and Lee (2008) documented that increasing extraction temperature will lead to enhance the solubility of solute and increase the extraction coefficient, but temperature above 50°C will affect the stability of the phenolic compounds and the alteration of plant's membrane integrity may affect the antioxidant capacity. Figure 1c clearly indicated that at fix methanol conc. level, increase in extraction temperature and time resulted in increase in DPPH activity of the SBTE.
SASA scavenging ability
The RSA (Table 1 and Fig. 1d also demonstrated Perusal of Table 1 showed that extracting methanol conc. had significant (p \ 0.0001) linear and interaction effect on SASA activity, followed by quadratic effect of methanol conc. and extracting temperature (p \ 0.05). Linear term effect of extracting temperature also had significant (p \ 0.005) effect on overall SASA activity.
The effect of extraction parameters on the SASA activity of SBTE and their interactions were shown in Fig. 1d . Increasing extraction temperature and methanol conc. showed linear increase in SASA activity as per Fig. 1d , which is also true for extraction time with constant temperature.
Optimization of extraction parameters
Numerical optimization procedures were carried out using the Design-Expert 9.0 software for predicting the optimum level of independent variables for obtaining extracts with maximum values of TPC, ABTS, DPPH and SASA. The optimal conditions obtained using the model was as follows: methanol concentration, 60%; extraction temperature, 55°C; and extraction time, 20 min. Under optimal conditions, the model predicted a maximum response. The experimental values of 128.23 mg GAE/g (Y1), 87.13% (Y2), 66.11% (Y3), and 77.24% (Y4), were found close to the predicted values derived from the respective regression models with the CV ranging from 0.24% to 2.99% as shown in Table 1 . With the use of these extracting conditions phenolic rich sea buckthorn extract can be produced, ultimately leading to highest yield of proven natural antioxidants for future studies
Effect of incorporation of different concentration of phenolic rich SBTE into model meat system during storage
The effect of different levels of SBTE i.e. (T 1 : 0.1%, T 2 : 0.2% and T 3 : 0.3%) obtained from optimization experiment on various physico-chemical, microbiological and storage quality are presented in the Tables 2 and 3 .
Physico-chemical quality parameters
The critical analyses of Table 2 revealed that the pH of raw ground pork varied significantly (p \ 0.05) amongst treatments and days of storage. Initially the pH was comparable in all treated samples thereafter followed an increasing trend during storage, irrespective of the added amount of phyto-extract. The pH was significantly (p \ 0.05) lower for T-3 and T-2 than T-1 on the 9th day of storage and significantly (p \ 0.05) higher in control than all the treatments throughout the storage period. Demeyer et al. (1986) reported that increase in the pH during storage might be due to the low carbohydrate content, formation of N non-protein compounds and basic ammonium ions coupled with buffering action of protein. Wardlaw et al. (1973) further explained that this could be due to the accumulation of basic compounds such as ammonia, derived from microbial action.
It has been widely recognized that the concept of water activity (a w ) is of great importance in meat preservation, because measured values generally correlated well with the potential for growth and metabolic activity of microorganisms (Chirife and Buera 1995) . Water activity varied significantly (p \ 0.05) with the progress of storage period (Table 2 ). The rate of decrease in water activity during storage was lower in T-3 followed by T-2 and T-1. The a W was reported highest in T-3 and lowest in control on last (9th) day of storage. This might be due to antimicrobial Ca n = 6; Control: (without any phyto-extract); T-1 = 0.1% SBTE, T-2 = 0.2% SBTE; T-3 = 0.3% SBTE * Mean ± S.E. with different superscripts row wise (small alphabets) and column wise (capital alphabets) differ significantly (p \ 0.05)
properties of the added SBTE into the raw ground pork. An antimicrobial property of sea buckthorn seeds has been widely documented by various authors Kumar et al. 2015) .
Instrumental colour profile parameters
Instrumental colour profile (Table 2) varied within SBTEpork samples and storage days. L* value followed a declining trend with the increase in the level of incorporation of SBTE, however, the decrease was (p [ 0.05) among treatments. The rate of decrease in treatments was lower than control, which might be due to the ability of the SBTE to maintain the colour of the product by retarding the oxidation reaction (Kumar et al. 2015) . Lightness (L* value) reported higher in SBT-pork samples than control and exhibited declining trend during storage, which is attributed to the fact that salt greatly enhanced the process of meat discoloration due to the prooxidative activity as well as its ability to release iron from heme pigments (Devatkal et al. 2014) . Redness (a* value) is an indicator of freshness of the meat and criteria for quality evaluation by the consumers. Redness (a*) value showed the pattern T-3 [ T-2 [ T-1 amongst treatments and followed a decreasing trend in all the treatments throughout the storage. This might be due to gradual oxidation of myoglobin and accumulation of metmyoglobin with storage time (Mancini and Hunt 2005) . However, the a* value was higher in SBTE treated samples than control throughout the storage period and rate of decrease in a* value was significantly (p \ 0.05) lower in treated products than control. Several authors have studied the colour of meat and meat products and reported that meat oxidation causes a decrease in a * value (Lavieri and Williams 2014; Kumar et al. 2015) .
The b* values also followed a decreasing trend for all the treated samples as well as control throughout the storage period irrespective of the level of incorporation of SBTE (Table 2) . Realini et al. (2015) also reported a decrease in b* values of beef patties containing Acerola fruit extract as a natural antioxidant.
Oxidative stability parameters
The oxidative stability of raw ground pork added with SBTE during storage was evaluated on the basis of TBARS, peroxide value and free fatty acid content. Results of oxidative stability attributes are presented in (Figs. 2, 3) .
The peroxide value is used as a measure of primary oxidation products in meat (Gray 1978) . Peroxide value (Fig. 2) of control remained higher (p \ 0.05) during storage as compared to SBTE-pork samples. T-3 measured lowest PV followed by T-2 and T-1. The lower PV in SBTE-pork samples is an indication of antioxidant potential of SBTE attribute to the phenolic groups which provides a labile hydrogen atom by free radicals like alkoxyl or peroxyl radicals and get transformed into phenoxyl radical.
PV followed an increasing trend throughout storage period in both SBTE treated as well as control samples. It might be due to the formation of hydroperoxides during storage than their degradation into secondary oxidation products. These results are in consonance with Kumar et al. (2015) in pork patties added with sea buckthorn and grape seed extracts.
TBARS values followed an increasing (p \ 0.05) trend throughout the storage period irrespective of added level of SBTE in the raw ground pork. TBARS value was measured lowest in T-3 and highest in T-1 among treatments and similar trend continued throughout the storage (Fig. 3) . However, TBARS was significantly (p \ 0.05) higher in control than SBTE treated products throughout the storage period. TBARS values were well below the permissible level of 1.0, indicator of acceptability of meat products (Witte et al. 1970) . The lower TBARS value in treated products can be attributed to oxidative stability provided by sea buckthorn seed extract.
Free fatty acids (FFA) are the products of microbial or enzymatic lipolysis of fat calculated by titration of FFA present in meat. FFA followed an increasing trend during storage in both the control as well as SBTE-pork samples. FFA value measured lowest in T-3 and highest in T-1 among treatments. However, it was significantly (p \ 0.05) higher in control than all treated products throughout the storage period of 9 days. The results in present study clearly indicated that 0.3% SBTE can act as an antioxidant Fig. 2 Effect of different levels of SBTE on peroxide value of raw ground pork during refrigerated storage. Control: Without any phytoextracts; T-1: 0.1% SBTE; T-2: 0.2% SBTE; T-3: 0.3% SBTE. Bar represents the standard error (n = 6) Fig. 3 Effect of different levels of SBTE on TBARS values of raw ground pork during refrigerated storage. Control: Without any phytoextracts; T-1: 0.1% SBTE; T-2: 0.2% SBTE; T-3: 0.3% SBTE. Bar represents the standard error (n = 6) in meat system by controlling the oxidative deterioration changes.
Sensory quality parameters
The sensory panelists awarded comparatively higher colour, odour and overall acceptability scores to all the treated samples than control on 1st day, which followed the same trend throughout the storage (Table 3) . However, the rate of decrease of sensory score was significantly (p \ 0.05) higher in control than treated products during storage. T-3 showed highest colour score throughout storage, which was followed by T-2 and T-1. The results can be correlated with instrumental colour profile.
Significantly higher (p \ 0.05) odour score of T-3 samples implies that higher the SBTE level into the raw ground pork improves the odour of the products (Table 3 ). The overall acceptability of meat and meat products containing added phyto-extracts is considered to be of high importance in the development of functional meat products. The critical appraisal of sensory quality attributes revealed that the sensory panellists awarded highest overall acceptability scores to T-3 and were significantly (p \ 0.05) higher than T-2 and T-1 and graded it as best among all the treatments including control.
Microbiological quality
In the present study, all three concentrations, i.e. 0.1, 0.2 and 0.3% of SBTE, were found to be significantly (p \ 0.05) effective in decreasing the microbial load on raw ground pork (Table 3 ). The standard plate count (SPC) was significantly (p \ 0.05) higher in control than all the other treatments throughout storage period of 9 days. Kumar et al. (2015) reported increase in aerobic plate count in pork patties incorporated with 0.3% SBTE and stored at 4 ± 1°C.
Psychrophilic count (PPC) followed similar trend as that of SPC in raw ground pork during storage days. These findings are in consonance with Dhanze et al. (2013) who found that no significant difference (p \ 0.05) for sensory attributes in the control and treated groups; however, scores were higher for the treated groups compared with the control group and 3% seabuckthorn leaf extract treatment resulted in significant (p \ 0.05) lowering of SPC, PPC, CC and Yeast and mold count through 7 days. Coliforms count followed an increasing trend with the progress of storage period progressed and were significantly (p \ 0.05) higher in control than SBTE-pork samples.
Yeast and mold count were detected on day 5th of storage in control and on 9th day in T-1 whereas, in all other treatments it was not detected even on 9th day of storage. Various workers, Lorenzo et al. (2014) and Kumar et al. (2015) in pork patties reported linear increase in standard plate count and psychrophilic count during refrigerated storage period.
Conclusion
Response surface methodology can be successfully implemented for the optimization of extraction conditions from sea buckthorn seeds to obtained phenolic rich sea buckthorn seed extracts. The optimal extraction conditions were determined as methanol concentration of 60%, extraction time of 20 min, and temperature of 55°C. Further, the maximal responses of TP, ABTS, DPPH and SASA scavenging activity were 128.23 GAE/g, 87.13, 66.11 and 77.24%, respectively. The analytical data of raw ground pork analysis during refrigeration storage clearly indicated that incorporation of 0.3% of SBT in the raw ground pork lead to the improvement in the various physico-chemical quality, antioxidant potential, microbiological and sensory quality and stable up to 9 days of refrigerated storage.
